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(57) ABSTRACT 

A contour resonator is provided with a vibrating body formed 
from a flat plate in a square shape, excitation electrodes 
formed on both front and back surfaces of the vibrating body 
and regulating a resonance frequency, and temperature char 
acteristic adjustment films formed on Surfaces of the excita 
tion electrodes and adjusting a temperature characteristic. 

12 Claims, 5 Drawing Sheets 
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CONTOUR RESONATOR AND METHOD FOR 
ADJUSTING CONTOUR RESONATOR 

TECHNICAL FIELD 

The present invention relates to a contour resonator includ 
ing a temperature characteristic adjustment film formed on a 
Surface of an excitation electrode and adjusting a temperature 
characteristic only, and a method for adjusting the contour 
reSOnatOr. 

BACKGROUND ART 

A reference signal source in a several MHz frequency band 
used for electronic devices such as a portable device, an 
information communication device, and a measuring device 
includes: an AT cut quartz crystal resonator, a DT cut quartz 
crystal resonator (a contour shear mode quartz crystal reso 
nator); and a contour resonator Such as a Lame mode quartz 
crystal resonator and a quasi Lame mode quartz crystal reso 
natOr. 

Conventionally, as a frequency adjustment for a contour 
resonator, a method to adjust a resonance frequency by sput 
tering a metal film of a vibrating portion using atomic par 
ticles and/or molecular particles, or ion particles, and a 
method to adjust a resonance frequency by attaching a metal 
film to the vibrating portion have been employed (e.g. refer to 
Patent Citation 1). 

Further, Non Patent Citation 1 shows that in a Lame mode 
quartz crystal resonator indicated by YX1t phi/theta of IRE 
(abbreviation of Institute of Radio Engineers, that is, current 
IEEE) standard, a resonance frequency (contour vibration 
frequency) fof an individual quartz substrate is derived by a 
frequency equation shown in Math (9) in the citation. In 
addition, by this frequency equation, a resonance frequency 
of an individual excitation electrode can also be derived. This 
is also shown in Non Patent Citation 2. 
Patent Citation 1: Japanese Unexamined Patent Publication 

No. 2005-94733 (page 23, FIG. 5) 
Non Patent Citation 1: “Lame-mode quartz-crystal resonator 

formed by an etching method’ by Hirofumi Kawashima, 
and Masaru Matsuyama in the 24th EM Symposium, page 
11 to 16, Math (2), conditional clause and Math (9) 

Non Patent Citation 2: “Development of a small-sized Lame 
mode quartZ-crystal resonator” by Katsuya Mizumoto, 
Masashi Akino, Tsuyoshi Nishizuka, Hideki Ashizawa, 
Masahide Marumo, and Masato Amemiya in the 35th EM 
Symposium, page 31 to 34 

DISCLOSURE OF INVENTION 

Technical Problem 

In a method for adjusting a resonance frequency of a con 
tour resonator according to Patent Citation 1 as above, a metal 
film of a vibrating portion is sputtered or attached to change a 
thickness or an area of the metal film, so that the resonance 
frequency is adjusted. However, this method has an issue in 
which a desired temperature characteristic is not obtained 
because the temperature characteristic is also changed in 
accordance with the resonance frequency by changing the 
thickness or the area of the metal film. 

The present invention aims to provide a contour resonator 
having a desired resonance frequency and a desired tempera 
ture characteristic, and a method for adjusting this contour 
reSOnatOr. 
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2 
Technical Solution 

A contour resonator of the invention characterized by 
including a vibrating body formed from a flat plate made of 
quartz crystal and having a square shape in a plan view, an 
excitation electrode formed on both frontandback surfaces of 
the vibrating body and regulating a resonance frequency, and 
a temperature characteristic adjustment film formed on at 
least one Surface of the excitation electrode and adjusting a 
temperature characteristic. 

According to the invention, the resonance frequency is 
adjusted by increasing or decreasing a thickness or an area of 
the excitation electrode, and the temperature characteristic 
adjustment film is formed on the surface of the excitation 
electrode, enabling adjustment of the temperature character 
istic of the contour resonator without affecting the resonance 
frequency. 

Further, when the resonance frequency of the vibrating 
body is a desired frequency, it is preferable that a resonance 
frequency Fr of the temperature characteristic adjustment 
film be nearly equal to a resonance frequency Fb of the 
vibrating body. 

This enables the temperature characteristic adjustment film 
to be set in an appropriate dimension without changing the 
resonance frequency. And if the dimension is set this way, 
only the temperature characteristic can be adjusted without 
changing the resonance frequency even when a thickness of 
the temperature characteristic adjustment film is changed. 

Further, when the resonance frequency of the vibrating 
body is a desired frequency, it is preferable that the resonance 
frequency Fr of the temperature characteristic adjustment 
film be nearly equal to the resonance frequency Fb of the 
vibrating body, and a resonance frequency Fe of the excitation 
electrode. 
The resonance frequency Fb of the vibrating body nearly 

equals the resonance frequency Fe of the excitation electrode, 
enabling a dimension of the excitation electrode that can 
minimize a change of the resonance frequency caused by 
adding the excitation electrode to be set. In addition, this can 
be adaptable by corresponding to a material used for the 
excitation electrode. Furthermore, to make Fr nearly equal to 
Fb, and Fb nearly equal to Fe enables adjustment of the 
temperature characteristic while Suppressing variation of the 
resonance frequency in accordance with variation of thick 
nesses of the excitation electrode and the temperature char 
acteristic adjustment film that are added to the vibrating body. 

Further, it is preferable that the resonance frequency Fr of 
the temperature characteristic adjustment film be nearly equal 
to a desired resonance frequency F0 of the contour resonator. 

In a case where the resonance frequency Fb of the new 
conductor is different from the desired resonance frequency, 
this enables the temperature characteristic adjustment film to 
be set in an appropriate dimension that cannot fluctuate the 
resonance frequency of the contour resonator after a fre 
quency adjustment process to obtain the desired resonance 
frequency. And if the dimension is set this way, only the 
temperature characteristic can be adjusted without changing 
the resonance frequency even when the film thickness of the 
temperature characteristic adjustment film is changed. 

Further, it is desirable that an intermediate layer beformed 
between the temperature characteristic adjustment film and 
the vibrating body. As above, if conditions of the invention 
described above are satisfied even when the intermediate 
layer is formed, the temperature characteristic is adjustable 
without affecting the resonance frequency of the vibrating 
body. This presents that the temperature characteristic adjust 
ment film may be a stacked body with the intermediate layer. 
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Further, a method for adjusting a contour resonator accord 
ing to the invention is characterized by including a process to 
form a vibrating body formed from a flat plate made of quartz 
crystal and having a square shape in a plan view, a process to 
form an excitation electrode on both front and back surfaces 
of the vibrating body, a process to adjust a resonance fre 
quency by changing at least one of a thickness and an area of 
the excitation electrode, and a process to adjust a temperature 
characteristic by forming a temperature characteristic adjust 
ment film on at least one surface of the excitation electrode. 
Preferably, a resonance frequency Fr of the temperature char 
acteristic adjustment film may be nearly equal to a resonance 
frequency Fb of the vibrating body, and more preferably, Fr 
may be nearly equal to Fb, and Fb may be nearly equal to a 
resonance frequency Fe of the excitation electrode. Further, it 
is desirable that an intermediate layer beformed between the 
temperature characteristic adjustment film and the vibrating 
body. 

According to the invention, the resonance frequency is 
adjusted by increasing or decreasing a thickness oran area of 
the excitation electrode, and only the temperature character 
istic can be adjusted by forming the temperature characteris 
tic adjustment film, so that the contour resonator having the 
desired resonance frequency and temperature characteristic 
can be easily produced. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A mode for the present invention will now be described 
with reference to the accompanying drawings. 

FIGS. 1 through 7 show a contour resonator according to a 
mode for the invention 1, and FIG. 8 shows a modification 
example of the mode for the invention 1, while FIG. 9 shows 
a Lame-mode quartz-crystal resonator regarding Non Patent 
Citation 1. 

MODE FOR THE INVENTION 1 

FIG. 1 schematically shows the contour resonator accord 
ing to the mode for the invention 1 of the invention. (a) is a 
plan view and (b) is a side view. In FIGS. 1(a) and 1(b), a 
contour resonator 10 is a Lame mode quartz crystal resonator 
including excitation electrodes 30 and 31 on both front and 
back sides of a vibrating body 20 in a square shape, and 
temperature characteristic adjustment films 41 and 42 on 
surfaces of the excitation electrodes 30 and 31. The vibrating 
body 20 is described by exemplifying an LQ2T cut quartz 
crystal that is cut out in a square plate having a cutting angle 
expressed by YX1t phi/theta of the IRE standard. Further, a 
case where each element is in a square shape in which a side 
length of the vibrating body 20 is Lb, and a side length of the 
excitation electrodes 30 and 31 is Le, while a side length of 
the temperature characteristic adjustment films 41 and 42 is 
Lr is exemplified. 

For the excitation electrodes 30 and 31, metal materials 
such as Al, Au, Ag, Cu, Pd, and Nican be used. However, Pd 
and Nihave electrical resistivity about four times as large as 
that of Al, Au, Ag, and Cu, so that a sheet resistance of the 
excitation electrodes 30 and 31 increases, increasing a resis 
tance loss. Thus it is not practically preferable to use Pd and 
Ni in a single layer. Therefore, in this mode for the invention, 
Al, Au, and Ag having low resistivity are described as 
examples. 

Further, although a material for the temperature character 
istic adjustment films 41 and 42 is not limited, a metal mate 
rial Such as Al, Au, Ag, Cu, Pd, and Ni is preferable, and a 
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4 
nonmetallic material is also possible. Furthermore, the mate 
rial can be either same as or different from that of the excita 
tion electrodes. 

Next, driving of the contour resonator 10 will be described. 
FIG. 2 is an explanatory diagram Schematically showing 

the driving of the contour resonator. If an excitation signal is 
applied to the excitation electrodes 30 and 31 of the contour 
resonator 10, Lame mode vibration is excited. The Lame 
mode vibration has vibration nodes at four corners 20a to 20d 
of the vibrating body 20, and repeats an area vibration shown 
in a two-dot chain line and a dashed line. Therefore, though 
the illustration is omitted, a Support beam is provided to some 
of the nodes at the four corners 20a to 20a. Then, a resonance 
frequency of this contour resonator 10 is affected by an area 
and a film thickness of the excitation electrodes 30 and 31. 

Further, a frequency equation for evaluating a resonance 
frequency f of the Lame mode quartz crystal resonator is 
provided by Non Patent Citation 1 described above (Non 
Patent Citation 1, page 12, Math (9)). 

FIG. 9 is a perspective view schematically showing the 
Lame-mode quartz-crystal resonator regarding Non Paten 
Citation 1. 

Math. 1 

i C1 - C3 it. C1 - C3 
2(2x) p 2(2) p 

Here, rho represents a density of quartz crystal, while C 
and C's represent elastic constants (constant numbers 
obtained by converting elastic stiffness constants Cpq in 
accordance with Non Patent Citation 1 (page 11, conditional 
clause of Math (2)), and m=n=1. While 2xo is a lateral side 
length of a quartz. Substrate (corresponding to the vibrating 
body 20 in this mode for the invention), 2Zo is a longitudinal 
side length. In addition, an individual resonance frequency of 
the excitation electrodes can also be evaluated by the same 
frequency equation. Further, the side length of the vibrating 
body 20 is indicated by Lb=2x=2Z, and the side length of 
the excitation electrodes 30 and 31 is indicated by 
Le=2xe=2ze in the mode (refer to FIG.9). 

Furthermore, Math 1 shows that it satisfies even in a case 
where the vibrating body 20 and the excitation electrodes 30 
and 31 are in rectangular shapes (even if the lateral side length 
is integral multiplication as large as the longitudinal side 
length, for example). 

First, by using this frequency equation, a relation between 
the thickness of the excitation electrodes 30 and 31 and a 
change of the resonance frequency, and a change of a tem 
perature characteristic will be described. 

In the Lame-mode quartz-crystal resonator (LQ2T cut 
quartz crystal), when the side length Lb of the vibrating body 
20 is 600 micrometers, a resonance frequency of about 4 MHZ 
is obtained from Math1. However, if variation in dimensional 
accuracy caused by variation in manufacturing is plus/minus 
2%, the resonance frequency f will be shifted by about plus/ 
minus 2% with respect to a desired resonance frequency. A 
case where this shifted amount of plus/minus 2% in the reso 
nance frequency (amount of frequency variation) is adjusted 
by changing the thickness of the excitation electrodes 30 and 
31 was tentatively evaluated by using FEM (Finite Element 
Method). 
AS evaluation conditions, quartz crystal cut out in LQ2T 

cut (in YX1t phi/theta of the IRE standard, when a cutting 

(1) 
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angle phi is -50 degrees, and a cutting angle theta is 45 
degrees) including the vibrating body 20 in a square shape 
whose one side length Lb is 600 micrometers and thickness 
Tb is 50 micrometers, and the excitation electrodes 30 and 31 
in a square shape whose one side length Le is 500 microme 
ters formed in each center of both front and back surfaces of 
the vibrating body 20 was formed. The results of the evalua 
tion are shown in FIGS. 3 through 5. It is also described with 
reference to FIG. 1. 

FIG.3 is a graph showing the frequency variation (unit:%) 
when an electrode film thickness Te of each of electrode 
materials that are Al, Au, and Ag was changed. In FIG. 3, 
when the electrode material is Al, the frequency variation is 
small with respect to the electrode thickness Te. However, 
when the electrode material is Au or Ag, the frequency varia 
tion changes toward a minus side. 

Further, FIG. 3 shows that when the electrode material is 
Au, the electrode film thickness Te of the excitation elec 
trodes on the both front and back surfaces has to be adjusted 
by about 0.25 micrometers in order to correct the frequency 
variation of 2%. If the correction is performed to the excita 
tion electrode on one side only, it has to be adjusted by about 
0.5 micrometers. In a case of Ag, an amount for adjusting the 
electrode film thickness Te needs to be even larger. 

Next, a change amount of the electrode film thickness Te 
and a frequency variation (unit: ppm) when a temperature is 
changed will be described. 

FIG. 4 is a graph showing the frequency variation in accor 
dance with a temperature change when the change amount of 
the electrode film thickness Te was 0.1 micrometers, 0.2 
micrometers, and 0.3 micrometers. Note that FIG. 4 exempli 
fies a case where Au is employed as the electrode material. In 
FIG. 4, the frequency variation in accordance with the tem 
perature change, that is, a curve of a second order showing the 
temperature characteristic moves by corresponding to the 
change amount of the electrode film thickness Te. When the 
adjustment amount of the electrode film thickness to correct 
the frequency variation of 2% in the example described above 
is 0.25 micrometers, it is found that a peak temperature is 
shifted by 30 degrees centigrade. 

Results from this will be described by putting them into a 
relation of the electrode film thickness Te and a first-order 
temperature coefficient alpha. 

FIG. 5 is a graph showing the relation between the elec 
trode film thickness Te of each electrode material and the 
first-order temperature coefficient alpha when the electrode 
material is Al, Au, and Ag. FIG. 5 shows that the first-order 
temperature coefficient alpha changes in a minus direction in 
accordance with increase of the electrode film thickness Te of 
every electrode material. 

That is, FIGS. 4 and 5 show that the resonance frequency is 
adjusted to be a desirable resonance frequency by changing 
the electrode film thickness Te, resulting in variation of a 
temperature characteristic indicated by a peak temperature 
and the first-order temperature coefficient alpha. Therefore, 
the temperature characteristic fluctuated by adding excitation 
electrodes are corrected to be in a desirable range of the 
temperature characteristic by forming the temperature char 
acteristic adjustment films 41 and 42 without affecting the 
resonance frequency. 

Subsequently, a method for adjusting the contour resonator 
10 of the invention, specifically, a method for adjusting a 
resonance frequency and a temperature characteristic will be 
explained. 

FIG. 6 is a process chart showing main processes for the 
method for adjusting the contour resonator. Further, FIG. 7 is 
a graph showing the temperature characteristic (indicating a 
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6 
frequency variation corresponding to a temperature change) 
in each process. It will be described with reference to FIGS. 6, 
7, and 1. In FIG. 6, first, the vibrating body 20 is formed from 
a quartz substrate (quartz wafer) indicated by YX1t phi/theta 
of the IRE standard with a photolithography technique or the 
like (process S01). Although the illustration is omitted, the 
vibrating body 20 formed by arranging a plurality number of 
them on the quartz wafer includes a Support beam and a base 
portion continuing to the Support beam, and is connected to 
the quartz wafer by a Support portion extending from the base 
portion. 
The vibrating body 20 exemplified in this mode for the 

invention is in a square shape in which the cutting angle phi is 
-51.05 degrees, while the theta is 45 degrees, and the side 
length of the vibrating body Lb is 600 micrometers. In con 
sideration of reduction of the first-order temperature coeffi 
cient alpha due to a frequency adjustment process S03 and a 
temperature characteristic adjustment film forming process 
S04 later, the cutting angle phi is preliminarily set to be larger 
than a desired first-order temperature coefficient alpha 0. 
Note that the desired first-order temperature coefficient alpha 
0 is set to be 0, the peak temperature is 25 degrees centigrade, 
and a resonance frequency F0 is set to be 3.75872 MHz in this 
mode for the invention. 

Subsequently, the excitation electrodes 30 and 31 are 
formed in a process S02. The excitation electrodes 30 and 31 
are formed from Au as the electrode material on a whole of the 
both frontandback surfaces of the vibrating body 20 by vapor 
deposition, sputtering, or the like so that the electrode film 
thickness Te is 0.1 micrometers. Hereinafter, the description 
is continued on the assumption that a resonance frequency F 
is 3.85614 MHZ, and the first-order temperature coefficient 
alpha is 9.49* 10-7/degrees centigrade are obtained at this 
time (refer to FIG. 7). 

That is, the resonance frequency F when the excitation 
electrodes 30 and 31 of the vibrating body 20 were formed is 
0.09742 MHZhigher than the desired resonance frequency F0 
(corresponding to plus 2.5%). The frequency adjustment is 
required for this increased amount of the resonance fre 
quency. 

Subsequently, the frequency adjustment is performed in 
the process S03 so as to obtain the desired resonance fre 
quency. As the frequency adjustment, a method by increasing 
or decreasing the electrode film thickness Te, or a method by 
increasing or decreasing an electrode area can be employed. 
In this mode for the invention, since the resonance frequency 
is 0.09742 MHZ higher than the resonance frequency Fb of 
the vibrating body, the electrode film thickness Te is added by 
0.2 micrometers by vapor deposition or the like so as to be 0.3 
micrometers, adjusting the resonance frequency so as to make 
the desired resonance frequency F0 be 3.75872 MHz. 
At this time, the electrode film thickness Te is increased to 

adjust the frequency, changing the first-order temperature 
coefficient alpha to 3.18:10-7/degrees centigrade and the 
peak temperature to 35 degrees centigrade (refer to FIG. 7). 

Subsequently, the temperature characteristic adjustment 
films 41 and 42 are formed so as to adjust the temperature 
characteristic (process S04). Each of the temperature charac 
teristic adjustment films 41 and 42 is formed by Al in this 
mode for the invention and is set to have a dimension in which 
the resonance frequency Fr of the temperature characteristic 
adjustment film is nearly equal to the desired resonance fre 
quency F0. If the resonance frequency of the vibrating body is 
the desired frequency, the dimension is set so as to be nearly 
equal to the resonance frequency Fb of the vibrating body. 
Accordingly, after the process S04 is completed, a relation 
should be that F0 is nearly equal to Fr (in a case where the 
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resonance frequency of the vibrating body is the desired 
frequency, Fb is nearly equal to Fr). Even if the temperature 
characteristic adjustment films 41 and 42 are added, the reso 
nance frequency does not change, but only the temperature 
characteristic changes. More specifically, F0 nearly equals Fr 
is that 0.995 multiplied by F0 is less than or equal to Fr, and 
1.005 multiplied by F0 is more than or equal to Fr, while Fb 
nearly equals Fr is that 0.995 multiplied by Fb is less than or 
equal to Fr, and 1.005 multiplied by Fb is more than or equal 
to Fr. If these are satisfied, the change of the resonance fre 
quency by adding the temperature characteristic adjustment 
films can be dramatically lessened. 

Accordingly, as shown in FIG. 7, the contour resonator 10 
after the process S04 is completed has the resonance fre 
quency F that is 3.75872 MHz, the first-order temperature 
coefficient alpha that is 0, and the peak temperature of 25 
degrees centigrade that is a temperature of the desired tem 
perature characteristic in a condition in which the excitation 
electrodes 30 and 31 and the temperature characteristic 
adjustment films 41 and 42 are added. 

Note that it is possible to use metal materials such as Al, 
Ag, Cu, and the like as the material of the excitation elec 
trodes 30 and 31 other than Au. Further, it is possible to use 
nonmetal materials for the temperature characteristic adjust 
ment films 41 and 42 other than Al or the metal materials such 
as Al, Ag, Cu, and the like. And either the same material as or 
different material from that of the excitation electrodes 30 and 
31 can be used. 

After the temperature characteristic adjustment (process 
S04), inspection on the resonance frequency F and the tem 
perature characteristic is performed (process S05), and then 
segmentation (process S06) by cutting is performed so as to 
complete a single piece of the contour resonator 10. 

Meanwhile, after the temperature characteristic adjust 
ment, it is considered that a slight departure in the resonance 
frequency due to production tolerance is generated. In such a 
case, only a thickness of an exposed portion of the excitation 
electrodes 30 and 31 can be adjusted, or a final adjustment of 
the resonance frequency can be performed by adding a pro 
cess to eliminate an outer circumferential portion (area 
adjustment) or the like. 

Therefore, according to the mode for the invention 1 
described above, the resonance frequency is adjusted by 
adjusting the thickness or the area of the excitation electrodes 
30 and 31, and the temperature characteristic adjustment 
films 41 and 42 are formed on the surfaces of the excitation 
electrodes 30 and 31, enabling adjustment of the temperature 
characteristic of the contour resonator 10 without affecting 
the resonance frequency. 

Further, in a case where the resonance frequency of the 
vibrating body is the desired frequency, by arranging the 
resonance frequency Fr of the temperature characteristic 
adjustment films 41 and 42 and the resonance frequency Fb of 
the vibrating body 20 so that Fr nearly equals Fb, an appro 
priate dimension of the temperature characteristic adjustment 
films 41 and 42 to correspond to the material of the tempera 
ture characteristic adjustment films 41 and 42 and not to make 
the resonance frequency fluctuate can be arranged. Further 
more, to make Frnearly equal to Fb enables adjustment of the 
temperature characteristic without affecting the resonance 
frequency even if the thickness of the temperature character 
istic adjustment films 41 and 42 is changed. 

Further, in a case where the resonance frequency of the 
vibrating body is the desired frequency, by arranging the 
resonance frequency Fr of the temperature characteristic 
adjustment films 41 and 42, the resonance frequency Fb of the 
vibrating body 20, the resonance frequency Fe of the excita 
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tion electrodes 30 and 31 so that Fr nearly equals Fb, and Fb 
nearly equals Fe, a dimension of the excitation electrodes 
minimizing the change of the resonance frequency caused by 
adding the excitation electrodes 30 and 31 can be arranged. In 
addition, this can be adaptable by corresponding to the mate 
rial used for the excitation electrodes 30 and 31. Furthermore, 
to make Fr nearly equal to Fb, and Fb nearly equal to Fe 
enables adjustment of the temperature characteristic while 
Suppressing variation of the resonance frequency in accor 
dance with the variation of each thickness of the excitation 
electrodes added to the vibrating body and the temperature 
characteristic adjustment films. More specifically, Fr nearly 
equals Fb and Fb nearly equals Fe is that 0.995 multiplied by 
Fb is less than or equal to Fr, and 1.005 multiplied by Fb is 
more than or equal to Fr., while 0.995 multiplied by Fe is less 
than or equal to Fr, and 1.005 multiplied by Fe is more than or 
equal to Fr. If these are satisfied, the change of the resonance 
frequency caused by adding the temperature characteristic 
adjustment films can be dramatically lessened. 

Further, by arranging the resonance frequency Fr of the 
temperature characteristic adjustment films 41 and 42, and 
the desired resonance frequency F0 so that Fr nearly equals 
F0, an appropriate dimension of the temperature characteris 
tic adjustment films 41 and 42 to correspond to the material of 
the temperature characteristic adjustment films 41 and 42 and 
not to make the resonance frequency fluctuate can be 
arranged. Furthermore, to make Fr nearly equal to F0 enables 
adjustment of the temperature characteristic without affect 
ing the resonance frequency even if the thickness of the tem 
perature characteristic adjustment films 41 and 42 is changed. 

In addition, in the method for adjustment according to the 
mode for the invention 1, the resonance frequency is adjusted 
by adjusting the thickness and the area of the excitation elec 
trodes 30 and 31, and the temperature characteristic is 
adjusted to be desirable while eliminating an effect on the 
variation of the resonance frequency caused by the tempera 
ture characteristic adjustment films 41 and 42, so that the 
contour resonator 10 with high precision can be easily pro 
duced. 

MODIFICATION EXAMPLE OF MODE FOR THE 
INVENTION 1 

Subsequently, a modification example of the mode for the 
invention 1 will be described. The modification example is 
characterized by having an intermediate layer formed 
between a temperature characteristic adjustment film and an 
excitation electrode. 

FIG. 8 is a perspective view schematically showing a con 
tour resonator according to the modification example of the 
mode for the invention 1. In FIG. 8, the excitation electrodes 
30 and 31 are formed on the both front and back surfaces of 
the vibrating body 20, and intermediate layers 50 and 51 are 
formed on the respective surfaces of the excitation electrodes 
30 and 31, and the temperature characteristic adjustment 
films 41 and 42 are formed on respective surfaces of the 
intermediate layers 50 and 51. 
The intermediate layers 50 and 51 are formed as stacked 

bodies of either the temperature characteristic adjustment 
films 41 and 42, or the excitation electrodes 30 and 31. Fur 
ther, a configuration in which the intermediate layer is formed 
between the vibrating body 20 and the excitation electrodes 
30 and 31 is possible, and the excitation electrodes 30 and 31 
can also be stacked bodies (not illustrated). 
As above, even when the intermediate layers 50 and 51 are 

formed, if the conditions in the mode for the invention 1 
described above are satisfied, the temperature characteristic is 
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adjustable by forming the temperature characteristic adjust 
ment films 41 and 42 without changing the resonance fre 
quency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shows a contour resonator according 
to a mode for the invention 1 of the invention, while (a) is a 
plan view and (b) is a side view. 

FIG. 2 is an explanatory diagram schematically showing 
driving of the contour resonator according to the mode for the 
invention 1 of the invention. 

FIG. 3 is a graph showing a frequency variation when an 
electrode film thickness of each electrode material is changed 
if the material of the excitation electrode is Al, Au, and Ag 
according to the mode for the invention 1 of the invention. 

FIG. 4 is a graph showing a frequency variation in accor 
dance with a temperature change when a change amount of 
the electrode film thickness according to the mode for the 
invention 1 of the invention is 0.1 micrometers, 0.2 microme 
ters, and 0.3 micrometers. 

FIG. 5 is a graph showing a relation between the electrode 
film thickness of each electrode material and a first-order 
temperature coefficient alpha if the material of the excitation 
electrode is Al, Au, and Ag according to the mode for the 
invention 1 of the invention. 

FIG. 6 is a process chart showing main processes of a 
method for adjusting the contour resonator according to the 
mode for the invention 1 of the invention. 

FIG. 7 is a graph showing a temperature characteristic in 
each process according to the mode for the invention 1 of the 
invention. 

FIG. 8 is a perspective view schematically showing a con 
tour resonator according to a modification example of the 
mode for the invention 1 of the invention. 

FIG.9 is a perspective view schematically showing a Lame 
mode quartz crystal resonator according to Non Patent Cita 
tion 1. 

EXPLANATION OF REFERENCE 

10 Contour resonator 
20 Vibrating body 
30, 31 Excitation electrode 
41, 42 Temperature characteristic adjustment film 
The invention claimed is: 
1. A contour resonator, comprising: 
a vibrating body formed from a flat plate made of quartz 

crystal and having a square shape in a plan view; 
an excitation electrode formed on both front and back 

Surfaces of the vibrating body and regulating a reso 
nance frequency; and 

a temperature characteristic adjustment film formed on at 
least one Surface of the excitation electrode and adjust 
ing a temperature characteristic, 

wherein a resonance frequency Fr of the temperature char 
acteristic adjustment film is nearly equal to a resonance 
frequency Fb of the vibrating body. 

2. The contour resonator according to claim 1, wherein the 
resonance frequency Fr of the temperature characteristic 
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10 
adjustment film is nearly equal to the resonance frequency Fb 
of the vibrating body, and the resonance frequency Fb of the 
vibrating body is nearly equal to a resonance frequency Fe of 
the excitation electrode. 

3. The contour resonator according to claim 1, wherein the 
resonance frequency Fr of the temperature characteristic 
adjustment film is nearly equal to a desired resonance fre 
quency F0 of the contour resonator. 

4. The contour resonator according to claim 1, wherein an 
intermediate layer is formed between the temperature char 
acteristic adjustment film and the vibrating body. 

5. The contour resonator according to claim 1, wherein an 
intermediate layer is formed between the temperature char 
acteristic adjustment film and the vibrating body. 

6. The contour resonator according to claim 3, wherein an 
intermediate layer is formed between the temperature char 
acteristic adjustment film and the vibrating body. 

7. A method for adjusting a contour resonator, comprising: 
a process to form a vibrating body formed from a flat plate 
made of quartz crystal and having a square shape in a 
plan view: 

a process to form an excitation electrode on both front and 
back surfaces of the vibrating body; 

a process to adjust a resonance frequency by changing at 
least one of a thickness and an area of the excitation 
electrode; and 

a process to adjust a temperature characteristic by forming 
a temperature characteristic adjustment film on at least 
one surface of the excitation electrode, 

wherein a resonance frequency Fr of the temperature char 
acteristic adjustment film is nearly equal to a resonance 
frequency Fb of the vibrating body. 

8. The method for adjusting a contour resonator according 
to claim 7, wherein the resonance frequency Fr of the tem 
perature characteristic adjustment film is nearly equal to the 
resonance frequency Fb of the vibrating body, and the reso 
nance frequency Fb of the vibrating body is nearly equal to a 
resonance frequency Fe of the excitation electrode. 

9. The method for adjusting a contour resonator according 
to claim 7, wherein an intermediate layer is formed between 
the temperature characteristic adjustment film and the vibrat 
ing body. 

10. The contour resonator according to claim 2, wherein an 
intermediate layer is formed between the temperature char 
acteristic adjustment film and the vibrating body. 

11. The method for adjusting a contour resonator according 
to claim 7, wherein an intermediate layer is formed between 
the temperature characteristic adjustment film and the vibrat 
ing body. 

12. The method for adjusting a contour resonator according 
to claim 8, wherein an intermediate layer is formed between 
the temperature characteristic adjustment film and the vibrat 
ing body. 


